INTRODUCTION
The research in the last two decades indicate that modification in the geometric design of internal struc-ture have an effect on the ability of metamaterial to acquire new features that do not exist in their nature. One of the first examples in this field is a specially designed metamaterial with a negative light refraction index [1] . This feature is achieved only by changing geometrical form of its structure. Recently, design and production of the new types of metamaterials using 3D technology, as well as their application in various branches in the engineering, has become relatively easy and cheap.
The most popular 3D printers, present on the market today, are FDM (fused deposition modelling) printers. The FDM technology uses a plastic filament that melts in printer nozzle, and extrudes on printing bed to create new part, using the layer by layer system. The 3D printer has become relatively cheap and it open up the opportunity for a huge number of researches in the field of metamaterials. Simply, by altering geometrical structure of metamaterials it is possible to create part with completely new functionality. Using the different types of metamaterials, nowadays, it is possible to produce parts that have movable components without any joints, like door handle and pliers, as it was done in this application [2] . Main advantages of metamaterials are that new functionalities of the parts can be achieved with a smart design of the geometry of its internal structure. In this way some part segments are deliberately weakened and it can be used as an advantage of material properties to elastically deform. In this way it is possible to achieve that some part segments can move relative to each other.
Several groups tested the new types of geometries and their response to external forces in different directions. Bodaghi et al. [3] investigated two different geometries of internal structures using triangles and hexagons, and tested structure response in different directions. Xin Ren et al. [4] moved one step further, and developed three dimensional structure that behave as elastic metamaterial. Bonatti and Mohr [5] created several different geometric 3D structures form spheres and octets and compared results with conventional solid octet-truss lattice. In their work, they used metal 3D printing to create all types of truss lattices with relative density of 20%. Obtained results show that a new structure geometry can increase energy absorption capacity up to 35%, as well as overall strength of metamaterial.
Authors of this paper have a great experience in 3D computer simulation of different mechanisms and mechanical assemblies. Geometrical and mechanical characteristics of deformed balance spring were obtained by 3D simulation study using a set of SolidWorks simulations at [6] . Synthesis of bipedal mechanical walker with balancing mechanism has been done in [7] , and methodology of preparation for 3D analysis in SolidWorks is presented in [8] . These shapes are most in use because they can be combined into different geometrical shapes to fit any surface without gaps. The main idea of this paper is to investigate shapes that cannot fill surfaces completely, or its shape is not regular (Figure1) .
PROBLEM FORMULATION
The paper presents the regular octagon and irregular octagon (Figure 1b) . Irregular octagon is formed by joining of two irregular pentagons [9, 10] and represents a basic cell that will be patterned to get desired structure of metamaterial ( Figure 1a) . As it is shown in Figure 1b , beam members with thickness (T) were used to form basic cells. Sizes of the basic cells were chosen with the aim that they could cover 40x40mm surface, with the whole number of instances. Four different sizes of basic cells were chosen to form meshes of 4x4, 5x5, 8x8 and 10x10 on the surface of 40x40mm, for both types of unit cells ( Figure 1 ).
Figure 1. Basic cells of metamaterials and internal structure between two beams
Since joined octagons can't completely cover surface, it caused formation of the small rectangles ( Figure  1a ). Irregular octagons are formed from irregular pentagons whose shape allows to completely cover given surface ( Figure 1a ) [9, 10] . Each of four unit cells sizes were modelled in four different thicknesses (0.25 mm, 0.5mm, 0.75 mm and 1 mm). The reason why these thicknesses were chosen is because most of low cost FDM 3D printers have nozzle sizes from 0,25 mm up to 1 mm.
Deformation measurement of the entire model can be conducted after covering the square of 40x40mm using unit cells for each type of structure. The model is formed using basic cells located between two parallel beams ( Figure 1 and Figure 2 ). Then, constrains and loads was applied. With the aim to avoid deformation of beams under the load, thickness was much bigger (5x40 mm) than the thickness of the basic cells. Used thickness allows the transfer of deformation from external force to internal structure of metamaterial.
As it was said, a model was formed using two beams (5x40mm) and metamaterial structure. Sixty-four different combinations were obtained combining two types of metamaterials (regular and irregular octagon), two dif-ferent directions of applied force (Figure 2 ) and four thicknesses of each structure (from 0.25mm to 1mm).
New structures (Figure 3. ) incorporated in the model of plier will be tested through three different simulations, since the forces were applied perpendicular on irregular pentagons. 
SIMULATION
Mentioned models and simulations were created and carried out in software SolidWorks 2016 (PC configuration used for simulations is shown in Table 1 .).
The simulations were accomplished with assumption that all material behaviour is linear [6] , which means:
-Simulated material compiles with Hooke's law (stress is directly proportional to the strain), -Models have planar geometry. All simulations were conducted with 2D simplification method for planar stresses, -Boundary conditions were the same for each model, -Load was the same for each simulated model (10N) and calculated displacement were observed, with exception of the plier. The pliers simulations were conducted with the aim to make direct contact between handles and to calculate the distance between pliers.
-All stresses will be calculated with Von-Misses hypothesis. The procedure of modelling and simulation was conducted through the next steps:
-16 models, 64 simulations and 3 plier simulations were created and the material ABS was applied with properties given in Table 2, -Defining 2D static study of simulation for each model. On each model standard fixtures were applied on flat faces, on one of the beams (5x40mm), and on the other, the continuous force of 10N was applied, as it shown in Figure 2 . Prescribed displacement was applied on handles of the pliers to achieve contact between them.
-Setting of the mesh parameters was done as it is shown in Table 3 .
-Studies of 64 simulations of each of 16 models were done using the same fixtures, load and mesh, Obtained results of maximum stress and displacement from each model were taken for further study, and distance between pliers tips based on simulation was taken for further consideration. Used parameters were mentioned in the previous section and obtained results are present as stress, displacement and strain. An example for one of 64 simulation prepared in SolidWorks is presented in Figure 4 . Also, it can be seen that the orientation of the force is perpendicular to the beam. Command "fixed geometry", from SolidWorks, was used to fix the second beam. 
RESULTS
As it was explained in previous section, parameters for 64 simulations have been established and studies were conducted. The first results are shown in Figure 5 , in the form of deformations of different metamaterials presented graphically for regular (orientation 1 - Figure 5a and orientation 2 - Figure 5b ) and irregular octagons (orientation 1 - Figure 5c and orientation 2 -Figure 5d) .
Four different sizes were considered for the experiment on the structures presented in Figure 6 . An example for regular octagon in orientation 1 is shown in Figure 6 . The structure with 10x10 basic cells can be seen in Figure  6a , 8x8 in Figure 6b , 5x5 in Figure 6c and 4x4 in Figure 6d and they all covered the area of 40x40mm square. The results from all 64 simulations for stresses and displacements, are shown in Table 4 . The first column present stresses and the second one displacements. Stresses and displacements for the structure "regular octagon -orientation 1", is shown in Figure 3a and Figure 6a , for all sizes and thicknesses in Table 4 section 1a and 2a. For regular octagon -orientation 2, results of stress and displacement are shown in section 1b and 2b, for irregular octagon -orientation 1 in 1c and 2c and 1d and 2d showed simulation results for irregular octagon -orientation 2.
In order to compare different structures, the ratio of displacement from the tables was calculated (Table 6 ). This ratio is calculated for the same thickness and size of basic cells by dividing displacement values of different structures. These results were plotted in 6 diagrams shown on Figure 7 .
ANALYSIS AND CONCLUSION
The main goal of this paper was to show how different structures can handle the same load (10N) and to find which of these metamaterials will suit best for the used pliers model. As it shown in Table 4 , in each of 64 simulations, the highest stresses did not exceed yield strength of ABS plastics, according to the hypotheses stated in section 2. As it was expected from the shape and thickness of given metamaterials, the regular octagon in orientation 1 as shown in Figure 2a , Figure  5a and in Table 4 ; 1a and 2a is the strongest. The lowest values of strength and highest of deformation has metamaterial with irregular octagon structure and under the orientation 1, as it is shown in Figure 2c and Figure  5c . Values for stresses and displacements are given in Table 4 ; 1c and 2c. The same behavior can be noted for pliers simulation. The structure with highest deformation also achieved the smallest distance between pliers tips, as it can be seen in Table 5 . The smallest deformation for regular octagon is in direction 1 (Figure 5a ), because direction of the force is collinear with most of structural members geometry. This is also the reason why plier tips with regular octagons in orientation 1 have the lowest amount of displacements (Figure 7a ).
From Table 6 and diagrams shown in Figure 6 , for displacement-ratio, the biggest difference is between the irregular octagon Io1 and the regular octagon structure Ro1, up to 4.8 times for the thinnest basic cells (0.25)mm. This clearly shows that geometry of metamaterial has significant impact on their characteristics. Diagrams from Figure 6 show that difference in displacement ratios will converge to 1 as thickness and number of basic cell increase. This gives potential for fine tuning of metamaterials mechanical properties such as stiffness and maximal stress. It can be also noted that for every specific application there is a metamaterial, with suitable properties that can be designed.
Simulation for plier also confirms that irregular octagon has highest deformation, as it is shown in Figure 7 and Table 5 . Based on these results, it can be noticed that internal structure of metamaterial has the major role in defining the structure stiffness and ability to withstand deformation. With the expansion of 3D printing technology, work like this can be used as a guideline for solving similar problems. The future work will be oriented to the new geometry of metamaterial internal structures and its practical applications. 
